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-Y RESUI5 FROM FREE-JET TESTS OF A 48-IIJCH-DIAMETER W-JET 

By Warren D. Rayle, Ivan D. Smith, and C a r l  13. Wentworth 

A ram-jet engine with an experimental 48- inch-d iwter  combustor 
was investigated in a free-jet f ac i l i t y .  
a large-volume annular p i l o t  region and an array of sloping baffle- or 
gutter-type flameholders. 
fue l -a i r  r a t i o  of about 0.037. 
low fuel-air ra t ios ,  a divided-flow system was employed which bypassed 
a portion of the engine air around the combustion region. 

The combustor design comprised 

The cambustor was intended t o  operate a t  a 
To pramote combustion efficiency a t  such 

Three combustor lengths, three lengths of the shroud which separated 
the  bypass air from the  burning stream, and four  fuel-distribution sys- 
tems were investigated over a range of fue l -a i r  r a t i o s  from 0.025 t o  
0.055 and a range of engine a i r  flows from 40 t o  110 pounds per  second 
(combustor-outlet t o t a l  pressures from 500 t o  1800 lb/sq f t  a b ) .  

The highest eff ic iencies  were obtained w i t h  a combustor length of 
78 inches and a shroud length of 6 inches. A t  the  lowest a i r  flow, with 
combustor pressures of about 700 pounds per square foot absolute, a max- 
imum efficiency of about 93 percent was obtained. The efficiency in- 
creased with combustor length, a typical increase being from 88 t o  95 
percent as the length increased from 60 t o  96 inches. The length of the 
shroud separating the  bypass air from the burning stream affected not 
only the  efficiency level,  but a l so  the fuel-air r a t i o  at which the max- 
imum efficiency occurred. I n  general, a longer shroud caused the ~llaximMl 
efficiency t o  occur at  lower f’uel-air ra t ios .  
usually resul ted from the use of a fuel-injection system giving a uniform 
f u e l  prof i le .  The efficiency at  low fuel-air  r a t io s  could be considerably 
-roved by the use of a rad ia l ly  nonuniform f u e l  prof i le  which concen- 
t r a t ed  the  fue l  towards the  o u t e m s t  portion of the burning stream. 

Highest eff ic iencies  
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The total-pressure r a t i o  across the  combustor was about 0.86 at the 
design point. 

An electrical-spark igni t ion system proved capable of s t a r t i n g  the  
engine at all conditions investigated and ign i t ion  was found not t o  de- 
pend on the  use of p i l o t  fue l .  

INTRODUCTION 

The performance of 811 experimental 48-inch-diameter combustor i n  a 
ram-jet engine w a s  investigated i n  a free-jet f a c i l i t y  at  the NACA L e w i s  
laboratory. This investigation was a par t  of a continuing program aimed 
at  determining combustor configurations and engine geometries capable of 
delivering high performance a t  conditions simulating those experienced 
by a long-range ram-jet-powered vehicle. 

The fixed-area exhaust nozzle was  s ized t o  accommodate a combustor 
operating with 100 percent efficiency a t  an over-all  fue l - a i r  r a t i o  of 
0.034. The combustor used was a modification of one previously invest i -  
gated in a direct-connect system ( re f .  1). It employed a large-volume 
annular p i lo t  i n  conjunction w i t h  an array of sloping baff le-  or gutter-  
type flameholders. I n  order t o  operate e f f i c i en t ly  a t  fue l - a i r  r a t i o s  
considerably less than stoichiometric, a divided-flow system w a s  used i n  
which a portion of the engine a i r  was bypassed around the  combustion 
region. 
s t a t ion  downstream of the flame-holding elements. 

This bypass air  was permitted t o  m i x  w i t h  the  main stream at a 

Combustor performance was evaluated f o r  three combustor lengths, 
96, 78, and 60 inches,and four fuel-dis t r ibut ion systems. 
which the bypass air w a s  permitted t o  r e jo in  the main stream w a s  a l so  
varied. 
per second t o  give a range of combustor ou t le t  pressures from 500 t o  
1800 pounds per square foot  absolute. 
vestigated w a s  between 0.025 and 0.055. The upper l imi t  was usually 
established by the  c r i t i c a l  pressure recovery of the supersonic d i f fuser .  

The results of this investigation a re  presented both i n  tabular and 
The combustion eff ic iencies  given were calculated from 

a 

The point at I 

The air  flow through the engine w a s  varied from 40 t o  ll0 pounds 

The range of fuel-air r a t io s  in- 

in graphic form. 
the effective area of the e h a u s t  nozzle, the  mass flow of a i r  through 
the engine, the t o t a l  pressure of t he  gas entering the  exhaust nozzle, 
and the  f u e l  flow. They represent the r a t i o  of the  f u e l  f l o w  ideal ly  
required t o  give the  observed t o t a l  pressure at the exhaust nozzle t o  
the  fue l  flow actual ly  used. 
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A 48-inch-diameter ram-jet engine was tested in 8 free-jet faci l i ty .  
The start ing and perfonoance characteristics of the free-jet fac i l i ty  
have been previously reported (ref. 2).  A sketch of the experimental 
cmfiguratian is shown in figure 1. An asymetrical  supersonic diffuser, 
which was connected t o  the combustor by‘a simple conical section of 30° 
ha,lf’-ar@.e, had an outlet-velocityprofile which was circumferentislly 
nonuniform. To improve the profile and t o  avoid flow separation, a half- 
screen was installed i n  the high-velocity portion of the diffuser out le t .  
This screen comprised a square array of 1/4-inch rods md blocked 20 per- 
cent of the (-) area. 

(0 
t- 
3 

Canbustor 

The combustor shell  was constructed of three cylindrical sections 
42, 36, and l8 inches in length t o  permit vaxiati0.n of cambustor length. 
These sections, as w e l l  as the exhaust nozzle were water-cooled. The 
convergent-divergent exhaust nozzle had a 54.6 percent open area; the 
hrtlf-angle of the convergent section w a s  25O; the half-angle of the di- 
vergent section was 120. A motor-operated c l ~ m - s h e ~  (not shown) was 
attached t o  the exhaust nozzle t o  f acu i t a t e  the obtaining of cold-flow 
drag data. 
cutaway view i s  given by figure 2. 

The cross section of the conibustor is shown i n  figure-1; a 

The flameholder configuration which resembled one previously tested 
in a direct-connect system (ref. lj, w a s  canposed of an annular pilot  
connected t o  sloping V-gutter flameholders. 
ward t o  the beginning of the 30’ cone section, and divided the air into 
two parts. From 20 t o  30 percent of the air was routed around the coin- 
busticm region and was separated from the burning stream by a cylindrical 
shroud. The length of this shroud was varied during the Investigation. 

The combustor extended for- 

Approximately 0.1 percent of the t o t a l  air flaw was bled frcrm the 
bypass a i r  stream into the pilot  annulus. 
was supplied by four evenly spaced bars (figs. 1 and 2). 
in each bar sprayed fuel in the circumferential. direction. 

Fuel f o r  the pi lot  region 
Twin orifices 

Fuel WBS lnjected normal t o  the main air stream by me896 of simple 
orifices in sixteen 1/2-bch-diameter radial tubes equally spaced circum- 
ferent-, and supplied from a ccxnon external manifold. 
systems, differing only i n  size and location of fuel orifices, were in- 
corporated in a single installation t o  facilitate the study of fuel pro- 
f i l e  effects. 
bined into siogle f i e1  bars. 

Three such 

The corresponding tubes from each fuel system were com- 
Figures 1 and 2 show a typical fuel  bar 



4 

Ins t  nunentat ion 

The air flow through the engine was determined from the effect ive 
capture area of the supersonic diffuser  and the t o t a l  pressure and tem- 
perature upstream of the f ree- je t  nozzle. Cold-flow t e s t s  with a s m a l l  
exhaust nozzle were used t o  determine the effect ive capture area of the 
diffuser .  
6 (see f i g .  1). 
tubes were located on s i x  rad ia l  bars and were spaced rad ia l ly  i n  eight 
equal areas. A t  s ta t ion  6, the cambustor out le t ,  the 33 tubes were lo -  
cated on four r ad ia l  bars and spaced rad ia l ly  i n  eight equal areas with 
the odd tube being located i n  the center of the t o t a l  area. 
were a l l  connected t o  mercury manometers, the  wells of which were i n  turn  
connected t o  a manifold kept within 1/2 pound per square foot of absolute 
zero by a vacuum pwq. 

Total  pressures were measured i n  the englne a t  s ta t ions  3 and 
At s ta t ion  3, the  diffuser  out le t ,  the  48 total-pressure 

These tubes , 

The air temperature entering the engine ms measured by an 18-point 
thermocouple array located upstream of the f ree- je t  nozzle. Total tem-  
perature was assumedto be conserved through the diffuser .  The tempera- 
ture of the gas near the w a l l  a t  the entrance t o  the exhaust nozzle was 

- 

ins ta l led  in the combustor. 
as w e l l  as the four basic fuel-distribution prof i les  investigated are  
shown i n  figure 3. 

The circumferential locations of h e 1  bars, 

The fuel used throughout the investigation was MUL-5624-B, grade 
JP-5, w i t h  a heating value of 18,625 Btu per pound and a hydrogen-carbon 
r a t i o  of 0.159. - 

Ignition was achieved through the use of two surface-discharge 
spark plugs located i n  the p i l o t  annulus. 
the condenser-discharge type was used t o  supply each plug. 

A separate power system of 

measured by four thermocouples located 1$ inches from the wall and 
equally spaced about the circumference. 

The quantity of bypass air was determined from measurements of t o t a l  
and s t a t i c  pressure in the bypass channel. 

Fuel-flow measurements were obtaFned from the pressure drop across 
sharp-edged or i f ices .  
standard rotameters. 
the main fuel manifolds was made by m e m s  of a posi t ive displacement 
electronic flowmeter. 

These or i f  ices were calibrated by capa r i son  w i t h  
Separate measurement of the fue l  flowing t o  each of 

The flow of cooling water t o  the engine was metered through a f la t -  
p l a t e  orifice.  
two thermocouples located upstream and downstream. 

The t q e r a t u r e  r i s e  of the coolant was determined from .) 

- 



The mercury manometers measuring pressures at  stations 3 and 6, as 
w e l l  as manometers connected t o  read stat ic  pressures at various points 
within the engine, were recorded photographically. 
tures were recorded by a self -baLancing potentimeter. 

The various.tenrpera- 

Combustor 
length, 

in. 

96 

L C  , 

I n  addition, the appearance of the u n i t  in operation was observed 
by means of a periscope located bunstream of the engine, which afforded 
a view of the canbustion region through the exhaust nozzle. 

Shroud 
length, 

70 

Five combinstions of coldbustor and shroud lengths were studied with 
various air-flow rates and temperatures as shown in the following table: 

I I I 

we=60  
rin = 530 

X 

X 

X 

X 

X 

w e = 8 0  w e = m  
T~ = 530 T~ = 4oc 

X X 

X X 

X 

X X 

X 

96 
78 
60 
60 

29 
6 X 

29 
6 X 

we = l l o  
Tin = 400 

X 

X 

X 

mtlet t o t a l  pressure, 
'69 

lb/sq f t  abs 

A t  each condition, data were taken Over a range of fuel-air  ratios 
from about 0.025 t o  0.055, with the q?per l i m i t  being dependent upon 
combustion efficiency. A t  100 percent combustion efficiency, a fuel-air 
rat io  of less than 0,050 was sufficient t o  cause the diffuser t o  go sub- 
c r i t i ca l .  
subcritical diffuser operation. 
sures associated w i t h  each air-flow condition are as follows: 

.. 
Limits on the fac i l i ty  prevented any data being taken with 

The aIrproximate combustor-outlet pres- 

pressure at design point 
(f/aia - 0.034) 

l b  fsec 

40 
60 
80 
80 
ll0 

Tin, 
OF 

530 
530 
530 
400 

400 

500-700 
800-1050 
lloo-1400 
lloo-1400 
1500-1800 

. 

650 
980 

1300 
1280 
1760 



The four fuel-dis t r ibut ion prof i les  shown in 
of the data were taken with the mre uniform 
phases of the program, prof i les  C and D were 
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figure 3 were used. Most 
p r o f i l e  A .  In the  later 
used i n  combination t o  pro- 

vide ei ther  a pl&e p ro f i l e  equivalent t o  that of A o r  t o  give high f u e l  
concentrations either in the  center o r  at  the  outer edge of t he  burning 
stream. The amount of f’uel supplied t o  the p i l o t  was varied from zero 
t o  a value giving an over-all  fuel-air r a t i o  of 8 percent of s toichio-  
metr ic .  Most of the data, however, were taken w i t h  a p i l o t  f u e l  flow 
g i v h g  2.5 percent of the  s t o i c h i m e t r i c  fue l -a i r  ratio.  

No e f f o r t  was made t o  control  t h e  flow rate of the bypass air. The 
quantity varied throughout the t e s t s ,  being a function of both shroud 
length and of the  fue l -a i r  r a t i o  of the engine. 
air was l e s s  than 20 percent of the t o t a l  air f o r  cold flow, and increased 
with increasing f’uel-air r a t i o  up t o  as m c h  as 30 percent. 

In  general, the bypass 

Ignition tests were conducted i n  the  following manner. F i r s t ,  the  
supersonic flow through the  free-jet was established. The a i r  tempera- 
t u re  was then raised t o  the required value, and the mass flow through 
the  engine adjusted. P i lo t  and/or main f’uel was turned on; when main 
fuel was used, a quantity giving an over-all  fuel-air r a t i o  of 0.035 w a s  
most frequently employed. 
sults noted. Whether the  spark preceded or followed the  introduction of 
the  f u e l  was found t o  be unimportant. 
pressures were obtained f r m t h e  cold-flow t e s t s ,  wherein no fuel was 
in jected. 

The e l e c t r i c  spark w&s turned on and the re- 

Data f o r  the preigni t ion engine 

The engine performance and Ignition data obtained are summarized i n  
The performance of the f ive  combinations of conibustor tables I and 11. 

length and shroud length is presented in t ab le  I. 
the rame data in graphic forn. 
combustor-outlet t o t a l  pressure, inlet Mach number, and combustor pressure 
r a t i o  as functions of ideal fue l -a i r  r a t i o  f o r  an air-flow r a t e  of 60 
pounds per second. As can be seen 
by the efficiency curves, a decrease in combustor length resul ted i n  a 
decrease i n  efficiency l e v e l  without any change i n  the shape of the ef-  
f iciency curve. 
creased from 95 t o  88 percent when the combustor length was reduced from 
96 t o  60 inches. 
in a d ras t i c  change in the shape of the efficiency curve. For the  long 
shroud (70 in . )  the peak efficiency occurred at  an ideal fue l -a i r  r a t i o  
less than 0.028. 
between 0.030 and 0.042 was found. 
efficiency resul ted frm an ideal fue l -a i r  r a t i o  of about 0.045 which 
COrreSDonds closely t o  a fue l -a i r  ratio yielding a stoichiometric mixture 
in  the burning stream. 

Figures 4 t o  9 present 
Figure 4 shows the corribustion efficiency, 

Fuel p ro f i l e  A was used throughout. 

The peak efficiency with f ixed shroud length was de- 

Variation in  shroud length, on the other hand, resulted 

For the 29-inch shroud, a very f la t  peak i n  the region 
For the 6-inch shroud, the maximum 

Similar r e su l t s  were obtained at  &n air  flow of 

C 
C - 
C 
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80 pounds per second a t  inlet  temperatures of 530° and 40O0 F, and an a i r  
f l o w  of ll0 pounds per second a t  an inlet temperature of 400' F. 
results axe presented in figures 5 t o  7. 

These 
* 

The configuration yielding the highest peak efficiency w a s  the 78- 
inch cambustor with the short 6-inch shroud. No data were obtained for  
the carhination of 96-inch combustor length and 6-inch shroud length, 
which m i g h t  logically be expected t o  exhibit a sewhat better perform- 
ance than those investigated. For the range of combustor pressures be- 
tween 950 and 1800 pounds per square foot absolute, l i t t l e  change in peak 
efficiency level with pressure was apparent, as shawn by figures 4 t o  7.  
For example, the 29-inch shroud in  the 96-inch combustor gave a peak 
efficiency of about 95 percent for  combustor pressures within th i s  range. 
The configuration giving the highest efficiency was also investigated a t  
an air flow of 40 pounds per second (combustor outlet t o t a l  pressures 
fram 500 t o  700 psfa). 
pressure levels is  presented i n  figure 8. A t  the two higher pressure 
levels, the peak efficiency of about 98 percent occurred at an actual 
fuel-air r a t io  of about 0.045. A t  the low-pressure level, the peak ef- 
ficiency again occurred at an actual fuel-air ra t io  of about 0.045, but 
w a s  reduced t o  about 93 percent. 

The performance of th i s  configwation a t  three 

The effect of fuel profile on combustion efficiency is shown in fig- 
ure 9. Figures 9(a) and (b) represent data taken at an engine air flow 
of 60 pounds per second. The perfonnance of the combustor with fuelpro-  
f i l e  A is used as a standard with which to canrpare the perfornnrnce with 
profiles B and C. 
same for  the two sets  of curves, they should not be compared directly. 
Fuel profile B yielded a lower efficiency at all fue l  flows than did 
profile A.  Profile C, on the other hand, gave a considerable increase 
in canibustion efficiency a t  the lower fuel-air ratios, and decreased at 
the higher. The same general relation between profile A and C is seen 
in figure S(c) for  an a i r  flow of 40 pounds per second. A t  an actual 
fuel-air  ra t io  of 0.035, the effect of roportioning the fuel  between 
profiles C and D is shown by figure 9(d 7 . When the fuel  flow is divided 
equally between C and D, a profile equivalent t o  profile A should result. 
The efficiency f e l l  off as the amount of fuel  t o  profile D was increased. 

Since the canbustor and shroud lengths are not the 
- 

- 

The total-pressure ra t io  across the combustor varied l i t t l e  between 

A t  the design point, the 
the five combinations of combustor and shroud length, and ranged f r o m  
0.83 t o  0.89 with variation in  f'uel-air ratio. 
total-pressure r a t i o  was about 0.86. 

As shown by table II, electric ignition of the engine was  successful 
Static pressures i n  the pi lot  over a wide range of operating conditions. 

annulus were as low as 260 pounds per square foot absolute immediately 
prior t o  ignition. 
were .& the t w o  lowest pressures. 
scope indicated that the pilot  fuel might be quenching the spark for  
these tes ts ;  thereupon, the pilot  fuel was turned off and successful 
st.art,s a t  similar cnnditims were kpediately obtained. 

c The t w o  instances i n  which ignition was not obtained 
V i s d  observation through the peri- 
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The dis t r ibut ion of s t a t i c  pressures i n  the main air  stream i n  the 
region upstream of the p i l o t  is shown f o r  a typical  s t a r t i ng  condition 
on figure LO. The flow seem t o  be supersonic i n  the upstream region, 
a t ransi t ion t o  subsonic occurring before the s l o t s  admitting a i r  t o  the 
p i l o t  are reached. 

CONCLUDING REMARKS 

The performance of the  experimental 48-inch-diameter ram-jet com- 
bustor tes ted  in  a f ree- je t  f a c i l i t y  was as follows: 

The highest codus t ion  eff ic iencies  were obtained w i t h  a 78-inch 
combustor and a 6-inch bypass air shroud. These eff ic iencies  occurred 
at  a fuel-air  r a t i o  of about 0.045, which yields a stoichiometric m i x -  
ture i n  the burning stream. 
pounds per square foot  absolute, eff ic iencies  of about 93 percent were 
attained. The combustion efficiency increased with combustor length, a 
typical increase being from 88 t o  95 percent as the  length increased from 
60 t o  96 inches. The length of the shroud separating bypass a i r  from 
the  main stream affected not only the  maximum efficiency, but a l so  the 
f'uel-air r a t i o  at  which the maximum efficiency occurred. In  general, a 
longer shroud caused the efficiency peak t o  occur a t  lower fue l -a i r  
ra t ios  . 

A t  the lowest combustor pressure, about 700 

The highest efficiencies were obtained w i t h  a fuel-injection system 
giving the  more uniform fue l  prof i le ,  while efficiency gains could be 
obtained at low fue l -a i r  ra t ios  by using a rad ia l ly  nonuniform fue l  
prof i le  . 

The total-pressure r a t i o  across the  combustor ranged from 0.83 t o  
0.89 w i t h  variation i n  fue l -a i r  ra t io ,  being about 0.86 at  the design 
point. 

An e l ec t r i c  spark ignit ion system provided sat isfactory ignit ion at 
all air-flow conditions tes ted.  The s t a t i c  pressures in  the ignit ion 
region were as low as 260 pounds per square foot absolute immediately 
pr ior  t o  ignit ion.  The separate fuel supply t o  the p i l o t  was not found 
t o  a i d  ignition; on a t  least one occasion ignition was possible only with 
the  p i lo t  fuel turned of f .  

Lewis Flight Propulsion Laboratory 
National Advisory Committee fo r  Aeronautics 

Cleveland, Ohio, November 16, 1954 
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syMB(3Ls AND CAUTULATIOB 

The following symbols are used in this report: 

f/aact 

/aid 

=C 

LE; 

Min 

p3 

pP 

Tin 

Tx 

Wb 
we 

9, 

' 6  

actual fuel-air r a t io  in  engine, (lb fUel)(sec)/(lb air)(sec) 

ideal --ah- r a t i o  (fuel-air ra t io  necessary t o  cause observed 

length of cmibustor (cylindrical section only), in. 

length of shroud, in. 

Mach number at  engine inlet, based on in le t  t o t a l  pressure and 

t o t a l  pressure at engine station 3 (diffuser outlet), psfa 

t o t a l  pressure at engine station 6 (engine outlet), psfa 

s t a t i c  pressure in pilot  annulus, psfa 

t o t a l  t q r a t u r e  at engine inlet, assumed t o  be same as at 

engine-outlet t o t a l  pressure and observed heat loss) 

temperatun?, and maximum (48-in.) diameter 

inlet t o  free-jet nozzle, OF 

 all of engine, OF 
1 indicated temperature a t  exhaust-nozzle inlet, 13 in. frorm 

r a t io  of air flow through bypass t o  t o t a l  f l o w  through engine 

air flow through engine, lb/sec 

combustion efficiency, percent 

Combustion efficiency as used herefn is defined as ra t io  of fuel 
ideally required t o  give observed exhaust pressure and heat rejection 

t o  that actually supplied t o  engine, or 9c = '7. 
aact 

F r a t  tables of theoretical temgerature rise for  conbustian as a 
function of fuel-air ra t io  and in i t ia l  temperature, charts were prepared 
showFng ideal fuel-air r a t i o  as a function of engine-inlet temperature, 

C 
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air-flow rate, and engine-outlet t o t a l  pressure.  I n  preparing these 
charts an exhaust-nozzle discharge coefficient of 0.99 was assumed, 
which results i n  an ef fec t ive  area of 54.1 percent. 
flow coefficient was obtained from reference 3 f o r  a similar nozzle. To 
the  ideal fuel-air r a t i o  necessary t o  account f o r  t he  engine-outlet t o t a l  
pressure, a small correction was added t o  supply the  heat that was added 
t o  the  cooling water. I n  making t h i s  correction, it w a s  assumed tha t  
the  heat added t o  the  cooling water during cold-flow tes ts  came i n  
equal parts from the  inside and from the  outside of the  engine. Thus 
the  t o t a l  amount o f  heat added t o  the  coolant during burning t e s t s  w a s  
reduced by one-half the amount added i n  cold-flow tes t s  before making 
the  heat-loss correction. 

This value f o r  t he  
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Figure 2. Cutaway view of combustor. 
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Figure 4. Performance of experimental combusLor. 
air temperature, 530'F; fuel profile ' A I .  

Air flow, 60 pounds per second; 
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Figure 5. Performance of experimental combustor. 
air temperature, 5309; fuel  profile t A q .  

Air flow, 80 pounds per second; 
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Figure 6. Performance of experimental combustor. 
air  temperature, 400OF; fuel profile l A ' .  

Nr flow, 80 pounds per second; 
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Figure 7. Performance of experimental combustor. 

air temperature, m0F; fuel profile !A*. 
Air flow, ll0 pounds per second; 
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Figure 8. Performance of experimental combustor at  three pressure levels. 
length, 78 inches; shroud length, 6 inches; fuel profile I A * .  

Combustor 



Ideal fuel-air rat io  

(a) Fuel profiles 'A' and 'B'. 
3 inches; air flow, bo pounds per second; air temperature, 5300F. 

Combustor length, 96 inches; shroud length, 

0.022 0.026 0.030 0.034 0.038 0.042 0.046 
Ideal fuel-air ratio 

(b) Fuel profi les  * A 1  and Combustor length, 78 inches; shroud length, 
6 inches; air flow, 60 pounds per second; air temperature, 530q. 

Figure 9.  Performance of experimental combustor with varying fuel  profiles.  
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Ideal fuel-air ratio 

(c) Fuel profiles * A t  and ' C f .  
6 inches; air flow, 40 pounds per second; air temperature, 5300F. 

Combustor length, 78 inches; shroud length, 

Fuel proportioning 

(d) Fuel proportioned between profiles I C 1  and IDt. Combustor length, 
78 inches; shroud length, 6 inches; air flow, 40 pounds per second; 
actual fuel-air ratio, 0.035; air temperature, 530°F. 

Figure 9 .  - Concluded. Performance of experimental combustor with varying fuel profiles. 
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